Abstract: Water level and water surface area fluctuations are important factors determining abundance of bird populations and bird assemblages structure in a wetland habitat. The water level and water surface area of the Marsh Tömörd (West Hungary) changed drastically between 1998 and 2008, and the marsh dried out because of scarce rainfall in 2000 and 2001. A habitat restoration in winter 2001 repaired the waterholding capacity of the marsh. We analyzed changes in parameters of bird assemblages in investigated wetland area in relation of environmental factors. We used full redundancy analysis (RDA) on number of caugth migratory birds per year, species richness, diversity and evenness of bird assemblages to examine correlations among water level, water surface area and vegetation core. Species like water rail, common snipe, river warbler, Savi's warbler, great reed warbler, reed warbler, marsh warbler, sedge warbler, reed bunting showed high and positive linear correlations with the water level and water surface area in the postbreeding period. Some wetland species, sedge warbler, Savi's warbler and reed bunting as well as total number of caugth birds per year and total numbers of caugth species per year were clearly associated with thick marsh vegetation. According to our results the bird species composition of the wetland might have returned to the prerestoration levels and surface areas.
Introduction
Wetland habitats have decreased largely in the last decades, and the remaining marsh have been degraded to different degrees because of climate change, human activities and other factors (Fraser & Keddy 2005) . Wetland bird assemblages are especially endangered because of the increasing frequency of droughts. Restorated aquatic habitats used as ecological corridors or stepping stones may play an important role in the dispersion and stopover of migratory birds (Standovár & Primack 2001) . The importance of habitat and microhabitat characteristics for bird populations has been documented for one hundred years (Hejl 1992; Jones 2001 ). How to provide habitats for wetland birds through effective management is a critical issue in bird conservation . Restoration of wetlands is a worldwide activity, especially in North America (Erwin & Beck 2007) , Northwest Europe (Wolters et al. 2005) and Japan (Nakamura et al. 2006) . In Hungary wetland habitat restoration programs were evaluated in many cases based on the changes of the bird communities' (Gáti et al. 2000; Ferenczi et al. 2008) .
Many studies have indicated that hydrology is the most important habitat variable determining the wetland structure and functions (Ma 2010) . The water level and surface of Marsh Tömörd, a small West Hungarian wetland, changed drastically between 1998 and 2008, and the marsh dried out because of scarce rainfall in 2000 and 2001. The habitat restoration in 2001 repaired the waterholding capacity of the marsh. More studies have indicated that water depth, surface (Elphick & Oring 1998; Colwell & Taft 2000; Isola et al. 2002) , water level fluctuation (O'Neal et al. 2008; Hoover 2009 ) and cover of marsh vegetation are important variables affecting the use of wetland habitats by wetland birds. Water depth directly determines the accessibility of foraging and stopover habitats for wetland birds (Darnell & Smith 2004) . The state of the marsh vegetation and structure of bird assemblages are determined primarily by the quantity and quality of the water (Euliss et al. 2004; Ma et al. 2010) . The food supply and vegetation structure of managed wetlands affect the species composition, species diversity and guild-structure of the bird communities (Kornan & Adamik 2007) . The different parts of habitats with a different vegetation construction, with a different quality and quantity of food source play a different role in the migration of the birds. The parts of the habitat with different vegetation has a different effect on the stopover time, migration speed, competiton and predation as well as survival chances of the migratory birds (Cody 1985; Berthold & Heilbig 1992; Gregory et al. 2003) . We may make conclusions from the changes of bird assemblages structure and abundance of bird species about the ecological state of stopover sites. The monitoring of bird communities and changes in the composition and abundance of bird species is one of the greatest traditional research efforts conducted over large spatial and temporal scales in the world and in Hungary as well (May 1975; Báldi et al. 1997; Szép 2000; Gregory et al. 2003) . Birds are the most intensively studied animals in ecology, ethology and conservation biology, and were studied in many research and environmental management programs (Furness & Greenwood 1993; Lecourret & Genard 1994) .
In this study we examined changes in numbers of caught migrant birds in investigated wetland area in relation of water level, water surface area and marsh vegetation core in the postbreeding period. Our null hypotesis was that the parameters of bird assemblages (in this study: number of caugth birds per year, total numbers of caught species per year, diversity, evenness) and habitat variables (in this study: water level, water surface area and vegetation core) were not linearly related to eachother.
Material and methods

Study site
Marsh Tömörd is a small (6 ha) permanent and isolated wetland in West Hungary (47 Forest. Broadleaf trees and bushes made up a compact, dense edge vegetation, forming an ecoton community with Turkey oak, wild plum, thorn-bush, wild pear as characteristic plants. There were much fruits and normal forestry management in the forest. The height of vegetation was 6-7 m.
Bushes. Bushes and herbs made up a compact, dense vegetation, which was dissected by small grass patches. Its characteristic plants were: wild plum, thorn-bush, wild pear, wild rose. There were much fruits but there was not management in the bushes. The height of vegetation was 2-3 m.
Grassland with scrubs. This habitat type made a transition between the wet habitats of the swamp and the steppe communities that used to cover the croplands around the marsh. There were a few bushes in the grassland, with two small patches of ground elder. There was not management in the grassland. The grassland and bushy habitat types were surrounded by a ploughed field in which wheat was grown in 2003.
Field work
During the study periods (in August of each year) the water level was measured to the nearest 10 cm with a ruler in the deepest part of the marsh and the water surface area was estimated to the nearest 50 m 2 by air photos. For the registration of the abundancy-dominancy (A-D) values of reedmace and rush in the marsh the modified Braun-Blanquet scale (0 = no individual, 1 = cover < 5%, 2 = cover 5-15%, 3 = cover 15-25%, 4 = cover > 25% of the marsh area) was used in August.
The birds were captured and ringed at the Tömörd Bird Observatory between 1998 and 2008. Bird ringing took place during the post-breeding, from the third decade of July to the first decade of November, 95-100 ringing days each year. For catching the birds we used 28 numbered mistnets (12 m long and 2.5 m high with 5 shelves and a mesh size of 16 mm). There was a line of six nets in the deepest part of the marsh. Four nets were in the forest, eleven in the bushes and seven in the grassland. Birds had been captured from dawn to dusk, except on rainy and stormy days. All birds were ringed and aged according to Svensson (1993) and SE European Bird Migration Network protocol (Busse 2000) .
Data processing and statistical analysis
We used the number of caugth birds per year of wetland bird species in the statistical analysis. To determine bird assemblages response to change of vegetation core, water level and water surface area, we calculated species richness (total numbers of caugth species per year), abundance = number of caugth birds per year, evenness and species diversity for each year. Evenness was calculated as J = H / ln TNS, where, H is Shannon's index of diversity. Shannon's diversity for each year was calculated using the formula developed by Shannon and Weiner (Pielou 1975) . We compared the mean diversity of bird assemblages in "dry" years (1998-2002) and "wet" years (2003-2008) by Student t-test. Linear regression was used to determine the correlation between the total numbers of caugth birds per year and total numbers of caugth species per year (Fowler & Cohen 1991) .
We used full redundancy analysis (RDA) on number of caugth birds per year, total numbers of caught species per year as well as diversity and evenness of bird assemblages to examine correlations among multiple environmental factors. RDA allows studying the relationship between two tables of response variables Y (in this study: number of caugth birds per year, total numbers of caught species per year, diversity, evenness) and explanatory variables X (in this study: water level, water surface area and vegetation core: abundancy-dominancy values of Reedmace and Rush). In the biplot the vector length and position of the vectorhead indicate the correlation between the explanatory variables and the RDA axes. The significance of the variables included in the ordinations was determined with permutation test (5000 permutations). In this way, we could determine the extent to which environmetal variables influenced bird composition (ter Braak 1992). Statistical analyses were based on software PAST version 1.38 (Hammer et al. 2006) and XLSTAT version 2010.5.07 (XLSTAT version 2010.5.07, Copyrigth Addinsoft 2010, http://www.xlstat.com). (Table 1 ). There was a significant correlation between yearly species richness and number of caugth birds per year (r = 0.86, P < 0.001).
The smallest diversity was in 2000, the highest one was in 2003 (Table 1 ). The mean diversity of "dry" years (H = 1.26 ± 0.21) differed from the mean diversity of "wet" years (1.60 ± 0.17) signifcantly (t = 2.86, P < 0.05). For species diversity and distribution patterns, a significant (F = 1.57, P < 0.05) and fairly high (40.27%) proportion of bird assemblages variability can be explained by the environmental variables tested (water level, water surface are and vegetation core). The major part of this variability (72.11%) is concentrated on the first RDA axes, which has a high linear correlation with habitat (Table 2 (Table 1) .
Species like water rail, common snipe, river warbler, Savi's warbler, great reed warbler, reed warbler, marsh warbler, sedge warbler, reed bunting, showed high and positive linear correlations (Table 3) with the first RDA axes, indicating that they had a positive association with the water level and water surface area (Fig. 1) . Some wetland species (sedge warbler, Savi's warbler, reed bunting) as well as number of caugth birds per year and species richness were clearly associated Fig. 1 . Redundancy analysis ordination of bird distribution pattern over three environmental variables: water level, water surface area and vegetation cover on the first axes In the full redundancy analysis, Axes 1 is highly correlated (P < 0.05) with water level, water surface area and vegetation core. The first axes explains 72.11% of the data variability, the second axes 17.60% and the third axes only 10.29%. (See Table 1 for species abbreviations). with thick marsh vegetation. In the RDA analysis, the water level was the most significant environmental factor explaining bird distribution patterns (Fig. 1) . Of the 22 species, only common kingfisher showed a high and positive correlation with second RDA axes and none of them were correlated with third RDA axes (Table 3) .
Discussion
The different species responded in different ways to the changes of the marsh. Subsequently, species traits and behaviors should be incorporated when analysing bird distribution in wetlands (van Vessem et al. 1997) . Species like wetland warblers (Acrocephalus spp.) may be specifically associated with any feature of their habitat (Leisler et al. 1989; Pulson 1992) . We found some dominant wetland species, for example the reed warbler, marsh warbler with easily detected strong associations and others, for example sedge warbler and reed bunting with slight associations and the grasshopper warbler with essentially no such associations to water level, surface are and marsh vegetation. The habitat choice of the sedge warbler is narrower in the migration period than in nesting season, because it only takes insects living on the marsh plants to build up fat reserves (Ormerod et al. 1991) . The habitat preference of other wetland birds in a stopover period was similar to that in the time of breeding (Cramp 1992). The quantity of the nesting places and the requirement of special food restrict the occurrence of the species in the breeding period. The fact that several migrants, with their high energy requirements, showed a strong preference for feeding in the habitat with dense marsh vegetation was possibly the reason for the larger dominance of the sedge warbler, marsh warbler, reed warbler and reed bunting in the bird assemblage captured after the habitat restoration. High abundance of the sedge warbler, reed warbler, marsh warbler, great reed warbler and reed bunting indicated that the best state of the marsh vegetation was in the third year (2004) following the habitat restoration, when water level and water surface were at maximum. More shorebirds fed on the mudflats following the habitat resstoration, especially jack snipe, common snipe, Eurasian woodcock, green sandpiper and wood sandpiper. On migration these species characteristically feed on mud-or sand-flats (Cramp & Simmons 1983) . The local changes of annual abundance differed from the global and Hungarian population trends of these species between 1998-2008. The grasshopper warbler, reed warbler and reed bunting breeding populations showed moderated decline, whereas the others were stable in Europe (PECBMS 2009). In Hungary, the populations trends calculated from the Commom Bird Census database were negative for long-distance migrant species and stable or positive for residents, partial migrants and short-distance migrants between 1999-2005 (Szép & Nagy 2006) . Acrocephalus species were the best indicators of wetland habitat and were very rare or absent in the dry years. Their abundance was regulated mostly by water level, water surface area and marsh vegetation. There is also evidence for several Palearctic-African migratory species for correlation between the size of the breeding population and the survival ratio defined by the precipitation on the wintering grounds in Africa (Furness et al. 1993) . The favourable or unfavourable climate conditions found on the stopover and wintering sites show their positive or negative effects on the mortality rate, so research in these territories should be main task of an international cooperation to protect wetlands of the mediterranean region and Africa.
Most studies on wetland birds and their habitats on managed wetlands focus on species richness and abundance/density of birds, which reflect habitat use by birds (Wolters et al. 2005; Ma et al. 2010) . The results of our study showed that the parameters of a bird assemblage such as species richness, abundance, evenness and diversity followed the fluctuating water level and surface area, and that bird species composition of the area might return to prehabitat restoration levels. Resilience allowed bird assemblages to reach predisturbance structure as early as after the second year following habitat restoration. However, the diversity and species composition can be modified by ecological factors and resources available for birds in habitats neighbouring the marsh. There was no standing water in the marsh in 2000 and 2001, which might have resulted in the relatively low species richness, small number of captured birds and smallest diversity. Considering the generally positive correlations between habitat diversity and bird diversity (Celada & Bogliani 1993) , the increase in bird diversity can also be explained by the increasing water level, water surface area and marsh vegetation from 2003 that allowed more wetland species with higher abundance to stopover in the study area. The habitat choice of the migratory birds serves two main aims. One is to provide necessary food source, and second is to provide the refuge (Lindström 1990 ). The wetlands provided resting or feeding places for different bird species as a function of water supply. Based on the results of RDA analysis, we found correlation between the water level and water surface area change of the marsh and the number of caugth birds per year of birds and the structure of the bird assemblages. We should reject our null hypothesis, and accept the alternative hypothesis: the environmental and bird assemblages variables were linearly related to eachother.
The high species and diversity in the marsh might be caused by an increase of food, visual isolation and spacing, increased edge and habitat diversity or breeding success of the source population (Darnell & Smith 2004) . A longer study and monitoring is needed to understand the temporal and spatial dynamics of wetland birds assemblages and the processes of restored Marsh Tömörd.
